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Abstract
We reconstruct different f(R)-gravity models corresponding to the polytropic,
standard Chaplygin, generalized Chaplygin, modified Chaplygin and modified
variable Chaplygin gas dark energy models. We also obtain the equation of state
parameters of the corresponding f(R)-gravity models which describe the accelerated
expansion of the universe. We conclude that although the equation of state
parameters of the obtained f(R)-gravities can behave like phantom or quintessence
dark energy models, they cannot justify the transition from the quintessence state
to the phantom regime. Furthermore, the polytropic and Chaplygin f(R)-gravity
models in de Sitter space can satisfy the inflation condition.
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2I. INTRODUCTION
Observational data of type Ia supernovae (SNeIa) collected by Riess et al. [1] in the High-
redshift Supernova Search Team and by Perlmutter et al. [2] in the Supernova Cosmology
Project Team independently reported that the present observable universe is undergoing
an accelerated expansion phase. The exotic source for this cosmic acceleration is generally
dubbed “dark energy” (DE). Despite many years of research (see e.g., the reviews [3–5]) its
origin has not been identified till yet. DE is distinguished from ordinary matter (such as
baryons and radiation), in the sense that it has negative pressure. This negative pressure
leads to the accelerated expansion of the universe by counteracting the gravitational force.
The astrophysical observations show that about 70% of the present energy of the universe
is contained in DE. There are several DE models to explain cosmic acceleration.
One of interesting DE models is the polytropic gas which was introduced by Karami
et al. [6] to explain the accelerated expansion of the universe. The polytropic gas model
plays a very important role in astrophysics. It is still very useful as a simple example which
is nevertheless not too dissimilar from realistic models. More importantly, there are cases
where a polytropic equation of state is a good approximation to reality. An example is a
gas where the pressure is dominated by degenerate electrons in white dwarfs or degenerate
neutrons in neutron stars. Another example is the case where pressure and density are
related adiabatically in main sequence stars [6].
One of another interesting DE candidates is the Chaplygin gas (CG) which was proposed
to explain the accelerated expansion of the universe [7–9]. The simplest type of the CG
models is the standard CG (SCG) which behaves as a dust-like matter at early times and
like a cosmological constant at late stage [7–9]. This interesting feature leads to the SCG
model being proposed as a candidate for the unified DM-DE (UDME) scenario [10, 11].
The SCG model cannot explain the astrophysical problems such as structure formation
and cosmological perturbation power spectrum [12, 13], hence the generalized CG (GCG)
model was introduced to construct viable cosmological models [14–19]. After the GCG was
introduced, the new model of CG which is called modified CG (MCG) was proposed. An
interesting feature of MCG is that it can explain the evolution of the universe from radiation
to ΛCDM [20–22]. More recently, the modified variable CG (MVCG) was introduced to
describe the evolution of the universe from radiation era to phantom model [23–26]. The
3MVCG can also explain the flat rotational curves of galaxies [27].
One of among other interesting alternative proposals for DE is modified gravity. It can
explain naturally the unification of earlier and later cosmological epochs (for review see
[28]). Moreover, modified gravity may serve as dark matter (DM) [29]. There are some
classes of modified gravities containing f(R), f(G), f(R,G) and f(T ) which are considered
as gravitational alternative for DE [30–50]. Here, R and G = RµνρσRµνρσ − 4RµνRµν + R2
are the Ricci scalar and Gauss-Bonnet invariant term, respectively. Also Rµνρσ and Rµν are
the Riemann and Ricci tensors, respectively, and T is the torsion scalar.
Note that although the recent observational data from SNeIa, Wilkinson Microwave
Anisotropy Probe (WMAP), Sloan Digital Sky Survey (SDSS) and so on show remarkably
the consistence of the cosmological constant, it is worth noting that a class of dynamical
models with the equation of state (EoS) parameter across −1 dubbed quintom is mildly
favored [51, 52]. In quintom scenario, there is a no-go theorem which forbids the EoS pa-
rameter of a single perfect fluid or a single scalar field to cross the −1 boundary in the
framework of standard Einstein gravity [53].
Here, our aim is to study how the f(R)-gravity can describe the polytropic, SCG, GCG,
MCG and MVCG models as effective theories of DE models. This motivate us to establish
different models of f(R)-gravity according to the above-mentioned scenarios. This paper
is organized as follows. In section 2, we review the theory of f(R)-gravity in the metric
formalism. In sections 3 to 8, we reconstruct different f(R)-gravity models corresponding
to the polytropic, SCG, GCG, MCG and MVCG models. Section 9 is devoted to our
conclusions.
II. f(R)-GRAVITY
The action of f(R)-gravity is given by [30–39]
S =
∫ √−g d4x [R + f(R)
2k2
+ Lmatter
]
, (1)
where k2 = 8piG. Also G, g and Lmatter are the gravitational constant, the determinant of
the metric gµν and the lagrangian density of the matter inside the universe, respectively.
For the spatially flat Friedmann-Robertson-Walker (FRW) metric, the Friedmann equa-
4tions in f(R) theory can be written as [54]
3
k2
H2 = ρm + ρR, (2)
1
k2
(2H˙ + 3H2) = −(pm + pR), (3)
where H = a˙/a is the Hubble parameter, ρm and pm are the energy density and pressure of
the matter inside the universe. Also
ρR =
1
k2
[
−1
2
f(R) + 3
(
H˙ +H2
)
f ′(R)− 18(4H2H˙ +HH¨)f ′′(R)] , (4)
pR =
1
k2
[1
2
f(R)− (H˙ + 3H2)f ′(R)
+6
(
8H2H˙ + 6HH¨ + 4H˙2 +
...
H
)
f ′′(R) + 36
(
H¨ + 4HH˙
)2
f ′′′(R)
]
, (5)
with
R = 6(H˙ + 2H2). (6)
Here, the dot and the prime denote the derivatives with respect to the cosmic time t and
R, respectively. Also ρR and pR are the curvature contribution to the energy density and
pressure.
The energy conservation laws are given by
ρ˙m + 3H(ρm + pm) = 0, (7)
ρ˙R + 3H(ρR + pR) = 0. (8)
The EoS parameter due to the curvature contribution is defined as [55]
ωR =
pR
ρR
= −1 −
4
[
H˙f ′(R) + 3
(
3HH¨ − 4H2H˙ + 4H˙2 + ...H
)
f ′′(R) + 18
(
H¨ + 4HH˙
)2
f ′′′(R)
]
[
f(R)− 6(H˙ +H2)f ′(R) + 36(4H2H˙ +HH¨)f ′′(R)] .(9)
In what follows, we reconstruct different f(R)-gravities according to the polytropic, SCG,
GCG, MCG and MVCG models.
III. POLYTROPIC f(R)-GRAVITY MODEL
Here, we reconstruct the f(R)-gravity from the polytropic gas DE model. Following [6],
the EoS of the polytropic gas is given by
pΛ = −Kρ1+
1
n
Λ , (10)
5where K is a positive constant and n > 0 is the polytropic index. Using Eq. (8) the energy
density of the polytropic gas evolves as
ρΛ =
(
Ca
3
n +K
)−n
, (11)
where C is an integration constant [6].
Here, we assume an ansatz for the scale factor as
a(t) = a0(ts − t)−h, t ≤ ts, h > 0, (12)
which usually people consider for describing the present accelerating expansion phase of the
universe in different modified gravities like f(R), f(G) and f(R,G) [56, 57]. Using Eqs. (6)
and (12) one can obtain
H =
h
ts − t =
[
h
6(2h+ 1)
R
]1/2
, H˙ = H2/h. (13)
Using Eqs. (12) and (13) one can rewrite the energy density (11) in terms of R as
ρΛ =
[
C
(
6h(2h+ 1)a0
−2
h
)−3h
2n
R
3h
2n +K
]−n
. (14)
Substituting Eq. (14) into (4), i.e. ρR = ρΛ, gives
2R2f ′′(R)− (h + 1)Rf ′(R) + (2h+ 1)f(R) +
(
ε+ ξR
3h
2n
)−n
= 0, (15)
where
ε = K
(
2(2h+ 1)k2
)−1
n
, (16)
ξ = ε
C
K
(
6h(2h+ 1)a0
−2
h
)−3h
2n
. (17)
Solving Eq. (15) yields the polytropic f(R)-gravity as
f(R) = λ+R
m+ + λ−R
m
− − 1
εn(2h+ 1)(m+ −m−)
×
[
m+ 2F1
(
−2nm−
3h
, n; 1− 2nm−
3h
;
−ξR 3h2n
ε
)
−
m− 2F1
(
−2nm+
3h
, n; 1− 2nm+
3h
;
−ξR 3h2n
ε
)]
, (18)
where 2F1 denotes the first hypergeometric function and
m± =
3 + h±√h2 − 10h+ 1
4
. (19)
6Also λ± are the integration constants that can be determined from the necessary boundary
conditions. Following [58, 59] the accelerating expansion in the present universe could be
generated, if one consider that f(R) could be a small constant at present universe, that is
f(R0) = −2R0, (20)
f ′(R0) ∼ 0, (21)
where R0 ∼ (10−33eV)2 is the current curvature. Applying the above boundary conditions
to the solution (18) one can obtain
λ+ =
m−
(2h+ 1)(m+ −m−)Rm+0 αn
×
[
2(2h+ 1)R0α
n − 2F1
(
−2nm+
3h
, n; 1− 2nm+
3h
;
−ξR
3h
2n
0
ε
)]
, (22)
λ− =
m+
(2h+ 1)(m− −m+)Rm−0 αn
×
[
2(2h+ 1)R0α
n − 2F1
(
−2nm−
3h
, n; 1− 2nm−
3h
;
−ξR
3h
2n
0
ε
)]
. (23)
Inserting Eq. (18) into (9) and using (13) one can get the EoS parameter of the polytropic
f(R)-gravity model as
ωR = −1 + 1
1 + ε
ξ
R
−3h
2n
= −1 + 1
1 + K
C
a
−3
n
, (24)
which can be also obtained from ωΛ = pΛ/ρΛ = −Kρ
1
n
Λ . Using the redshift z =
1
a
− 1, where
we take a0 = 1 for the present value of the scale factor, the above relation can be rewritten
as
ωR = −1 + 1
1 + K
C
[1 + z]
3
n
. (25)
We see that for C > 0 then ωR > −1 which corresponds to a quintessence-like accelerating
universe. For C < 0, one can rewrite Eqs. (11) and (25) as
ρΛ = K
−n
[
1−
(
1 + zcrit
1 + z
) 3
n
]−n
, (26)
ωR = −1 + 1
1−
[
1+z
1+zcrit
] 3
n
, (27)
7where
zcrit =
( |C|
K
)n
3
− 1, (28)
is the critical redshift. Equation (27) shows that for z < zcrit the EoS parameter behaves
like quintessence DE (ωR > −1). Here due to having ρΛ > 0, from Eq. (26) we see that
the polytropic index should be even, n = (2, 4, 6, · · ·). For z > zcrit, from Eq. (27) we have
ωR < −1 which behaves as a phantom type DE. Note that here crossing the phantom-divide
line cannot occur because at z = zcrit we have ωR →∞. In other words, the EoS parameter
(25) cannot justify the transition from the quintessence state, ωR > −1, to the phantom
regime, ωR < −1, as indicated by recent observations [60–62].
IV. STANDARD CHAPLYGIN f(R)-GRAVITY MODEL
The EoS of the SCG model of DE is as follows [7–9]
pΛ = − A
ρΛ
, (29)
where A is a positive constant. Inserting the above EoS into the energy conservation equation
(8), leads to a density evolving as [7–9]
ρΛ =
√
A +
C
a6
, (30)
where C is an integration constant. Note that the SCG model offers a unified picture of DM
and DE [10, 11]. Because it smoothly interpolates between a non-relativistic matter phase
(ρΛ ∝ a−3) in the past and a negative-pressure DE regime (ρΛ = −pΛ) at late times.
Using Eqs. (12) and (13) the energy density (30) can be rewritten as
ρΛ =
√
A+ C
(
6h(2h+ 1)a0
−2
h
)3h
R−3h. (31)
Equating (31) with (4), i.e. ρR = ρΛ, gives
2R2f ′′(R)− (h+ 1)Rf ′(R) + (2h+ 1)f(R) +
√
ε+
ξ
R3h
= 0, (32)
where
ε = A
(
2(2h+ 1)k2
)2
, (33)
ξ = ε
C
A
(
6h(2h+ 1)a0
−2
h
)3h
. (34)
8Solving the differential Eq. (32) yields
f(R) = λ+R
m+ + λ−R
m
− −
√
ε
(2h+ 1)(m+ −m−)
×
[
m+ 2F1
(
m−
3h
,
−1
2
; 1 +
m−
3h
;
−ξ
εR3h
)
−
m− 2F1
(
m+
3h
,
−1
2
; 1 +
m+
3h
;
−ξ
εR3h
)]
, (35)
where m± are given by Eq. (19). Also λ± are determined from the boundary conditions
(20) and (21) as
λ+ =
m−
(2h+ 1)(m+ −m−)Rm+0
×
[
2(2h+ 1)R0 −
√
ε 2F1
(
m+
3h
,−1
2
; 1 +
m+
3h
;
−ξ
εR3h0
)]
, (36)
λ− =
m+
(2h+ 1)(m− −m+)Rm−0
×
[
2(2h+ 1)R0 −
√
ε 2F1
(
m−
3h
,−1
2
; 1 +
m−
3h
;
−ξ
εR3h0
)]
. (37)
Substituting Eq. (35) into (9) and using (13) one can get the EoS parameter of the standard
Chaplygin f(R)-gravity model as
ωR = −1 + 1
1 + ε
ξ
R3h
= −1 + 1
1 + A
C
a6
, (38)
which is same as ωΛ = pΛ/ρΛ = −Aρ−2Λ . The above relation can be rewritten in terms of
redshift as
ωR = −1 + 1
1 + A
C
[1 + z]−6
. (39)
We see that for C > 0, ωR > −1 which behaves like quintessence accelerating universe. For
C < 0, rewriting Eqs. (30) and (39) give
ρΛ =
{
A
[
1−
( 1 + z
1 + zcrit
)6]}1/2
, (40)
ωR = −1 + 1
1− [1+zcrit
1+z
]6 , (41)
where
zcrit =
(
A
|C|
) 1
6
− 1. (42)
9Equation (40) shows that due to having a positive energy density, the redshift parameter
should be in the range of z < zcrit. Now for z < zcrit, Eq. (41) clears that ωR < −1 which
corresponds to a universe dominated by phantom type DE. Therefore, the EoS parameter
(39) like the polytropic model (25) cannot realize the quintom behavior, with an EoS crossing
−1. Indeed, the parameterization of energy density such as Eq. (30) doesn’t yield the −1-
crossing during the evolution of the universe. In [63], it was shown that a unified model of
quintom and Chaplygin gas can be constructed by virtue of a nonconventional spinor field
explicitly.
V. GENERALIZED CHAPLYGIN f(R)-GRAVITY MODEL
The EoS of the GCG model of DE takes the form [14–19]
pΛ = − A
ραΛ
, (43)
where A a positive constant and α is a constant in the range of 0 ≤ α ≤ 1 (the SCG
corresponds to the case α = 1). Using Eq. (8), the GCG energy density evolves as [14–19]
ρΛ =
(
A +
C
a3(1+α)
) 1
1+α
, (44)
where C is an integration constant.
Using Eqs. (12) and (13) the energy density (44) takes the form
ρΛ =
[
A+ C
(
6h(2h+ 1)a0
−2
h
) 3h(1+α)
2
R
−3h(1+α)
2
] 1
1+α
. (45)
Equating (45) with (4), one can obtain
2R2f ′′(R)− (h+ 1)Rf ′(R) + (2h+ 1)f(R) +
[
ε+
ξ
R
3hγ
2
] 1
γ
= 0, (46)
where
ε = A
(
2(2h+ 1)k2
)γ
, (47)
ξ = ε
C
A
(
6h(2h+ 1)a0
−2
h
) 3hγ
2
, (48)
γ = 1 + α. (49)
10
Solving the differential Eq. (46) yields
f(R) = λ+R
m+ + λ−R
m
− − ε
1
γ
(2h+ 1)(m+ −m−)
×
[
m+ 2F1
(
2m−
3hγ
,
−1
γ
; 1 +
2m−
3hγ
;
−ξ
εR
3hγ
2
)
−
m− 2F1
(
2m+
3hγ
,
−1
γ
; 1 +
2m+
3hγ
;
−ξ
εR
3hγ
2
)]
, (50)
where m± are given by Eq. (19). Also λ± are determined by applying the boundary
conditions (20) and (21) to the solution (50). The resulting λ± are
λ+ =
m−
(2h+ 1)(m+ −m−)Rm+0
×
[
2(2h+ 1)R0 − ε
1
γ
2F1
(
2m+
3hγ
,
−1
γ
; 1 +
2m+
3hγ
;
−ξ
εR
3hγ
2
0
)]
, (51)
λ− =
m+
(2h+ 1)(m− −m+)Rm−0
×
[
2(2h+ 1)R0 − ε
1
γ
2F1
(
2m−
3hγ
,
−1
γ
; 1 +
2m−
3hγ
;
−ξ
εR
3hγ
2
0
)]
. (52)
Inserting Eq. (50) into (9) and using (13) one can get the EoS parameter of the generalized
Chaplygin f(R)-gravity model as
ωR = −1 + 1
1 + ε
ξ
R
3hγ
2
= −1 + 1
1 + A
C
a3(1+α)
, (53)
which is same as ωΛ = pΛ/ρΛ = −A/ ρ1+αΛ . Using the redshift we get
ωR = −1 + 1
1 + A
C
[1 + z]−3(1+α)
. (54)
The above relation clears that for C > 0, ωR > −1 which acts as a quintessence DE. For
C < 0, one can rewrite Eqs. (44) and (54) as
ρΛ = A
1
(1+α)
[
1−
( 1 + z
1 + zcrit
)3(1+α)] 1(1+α)
, (55)
ωR = −1 + 1
1− (1+zcrit
1+z
)3(1+α) , (56)
where
zcrit =
(
A
|B|
) 1
3(1+α)
− 1. (57)
11
Equation (56) shows that for z < zcrit and z > zcrit we have the phantom-like (ωR < −1) and
quintessence-like (ωR > −1) accelerating universes, respectively. Note that here crossing the
phantom-divide line cannot occur because the critical redshift separates the phantom region
(z < zcrit) from the quintessence regime (z > zcrit). Furthermore, for z > zcrit due to having
ρΛ > 0, from Eq. (55) we need to have
1
1+α
= 2Q where Q is a fractional number in the
range of 1/4 < Q < 1/2 and its denominator should be odd.
VI. MODIFIED CHAPLYGIN f(R)-GRAVITY MODEL
The EoS of the MCG model of DE is given by [20–22]
pΛ = BρΛ − A
ραΛ
, (58)
where A and B are positive constants and 0 ≤ α ≤ 1. Using Eq. (8), the MCG energy
density evolves as [20–22]
ρΛ =
(
A
1 +B
+
C
a3(1+α)(1+B)
) 1
1+α
, (59)
where C is an integration constant. Using Eqs. (12) and (13) the above relation yields
ρΛ =
[
A
1 +B
+ C
(
6h(2h+ 1)a0
−2
h
) 3h(1+α)(1+B)
2
R
−3h(1+α)(1+B)
2
] 1
1+α
. (60)
Equating (60) with (4) gives
2R2f ′′(R)− (h+ 1)Rf ′(R) + (2h+ 1)f(R) +
[
ε+
ξ
R
3hγη
2
] 1
γ
= 0, (61)
where
ε = A(1 +B)−1
(
2(2h+ 1)k2
)γ
, (62)
ξ = C
(
6h(2h+ 1)a0
−2
h
) 3hγη
2
(
2(2h+ 1)k2
)γ
, (63)
γ = 1 + α, (64)
η = 1 +B. (65)
12
Solving Eq. (61) gets
f(R) = λ+R
m+ + λ−R
m
− − ε
1
γ
(2h+ 1)(m+ −m−)
×
[
m+ 2F1
(
2m−
3hγη
,
−1
γ
; 1 +
2m−
3hγη
;
−ξ
εR
3hγη
2
)
−
m− 2F1
(
2m+
3hγη
,
−1
γ
; 1 +
2m+
3hγη
;
−ξ
εR
3hγη
2
)]
, (66)
where m± are given by Eq. (19) and λ± are determined from the boundary conditions (20)
and (21) as
λ+ =
m−
(2h+ 1)(m+ −m−)Rm+0
×
[
2(2h+ 1)R0 − ε
1
γ
2F1
(
2m+
3hγη
,
−1
γ
; 1 +
2m+
3hγη
;
−ξ
εR
3hγη
2
0
)]
, (67)
λ− =
m+
(2h+ 1)(m− −m+)Rm−0
×
[
2(2h+ 1)R0 − ε
1
γ
2F1
( 2m−
3hγη
,
−1
γ
; 1 +
2m−
3hγη
;
−ξ
εR
3hγη
2
0
)]
. (68)
Inserting Eq. (66) into (9) and using (13) one can get the EoS parameter of the modified
Chaplygin f(R)-gravity model as
ωR = −1 + 1 +B
1 + ε
ξ
R
3hγη
2
= −1 + 1 +B
1 + A
C(1+B)
a3(1+α)(1+B)
, (69)
which is same as ωΛ = pΛ/ρΛ = B − A/ ρ1+αΛ . In terms of redshift we have
ωR = −1 + 1 +B
1 + A
C(1+B)
[1 + z]−3(1+α)(1+B)
. (70)
The above relation illustrates that for C > 0, ωR > −1 which shows a quintessence type of
DE. For C < 0 one can rewrite Eqs. (59) and (70) as
ρΛ =
{
A
1 +B
[
1−
( 1 + z
1 + zcrit
)3(1+α)(1+B)]} 11+α
, (71)
ωR = −1 + 1
1− [1+zcrit
1+z
]3(1+α)(1+B) , (72)
where
zcrit =
(
A
|C|(1 +B)
) 1
3(1+α)(1+B)
− 1. (73)
13
Equation (72) shows that for z < zcrit and z > zcrit, the universe take places in the phantom
(ωR < −1) and quintessence (ωR > −1) regimes, respectively. For z > zcrit due to having
ρΛ > 0, from Eq. (71) we need to have
1
1+α
= 2Q where Q is a fractional number in the range
of 1/4 < Q < 1/2 and its denominator should be odd. Note that in the modified Chaplygin
f(R)-gravity model like the previous models, the transition from the quintessence state to
the phantom regime cannot occur.
VII. MODIFIED VARIABLE CHAPLYGIN f(R)-GRAVITY MODEL
The MVCG model of DE has the following EoS [23–26]
pΛ = BρΛ − A
anραΛ
, (74)
where A, B and n are positive constants and 0 ≤ α ≤ 1. Using Eq. (8), the MVCG energy
density evolves as [20–22]
ρΛ =
1
a
n
1+α
(
3(1 + α)A
3(1 + α)(1 +B)− n +
C
a3(1+α)(1+B)−n
) 1
1+α
, (75)
where C is an integration constant.
Using Eqs. (12) and (13) one can rewrite (75) as
ρΛ = χ1 R
−nh
2(1+α)
[
χ2 + χ3 R
h
2
(
n−3(1+α)(1+B)
)] 1
1+α
, (76)
where
χ1 =
[
6h(2h+ 1)a0
−2
h
] nh
2(1+α)
, (77)
χ2 =
3(1 + α)A
3(1 + α)(1 +B)− n, (78)
χ3 = C
[
6h(2h+ 1)a0
−2
h
]h
2
(
3(1+α)(1+B)−n
)
. (79)
Equating (76) with (4) gives
2R2f ′′(R)− (h+ 1)Rf ′(R) + (2h+ 1)f(R) + 1
Rσ
[
ε+
ξ
Rδ
] 1
γ
= 0, (80)
14
where
ε = χ2 χ
γ
1
[
2(2h+ 1)k2
]γ
, (81)
ξ = C
(ε χ3
χ2
)
, (82)
γ = 1 + α, (83)
δ =
3h(1 + α)A
2χ2
, (84)
σ =
nh
2(1 + α)
. (85)
Solving the differential Eq. (80) yields
f(R) = λ+R
m+ + λ−R
m
− − ε
1
γ(
h(2 + σ) + (1 + σ)(1 + 2σ)
)
(m+ −m−)
×
[
(m+ + σ) 2F1
(
m− + σ
δ
,
−1
γ
; 1 +
m− + σ
δ
;
−ξ
εRδ
)
−
(m− + σ) 2F1
(
m+ + σ
δ
,
−1
γ
; 1 +
m+ + σ
δ
;
−ξ
εRδ
)]
, (86)
where m± are given by Eq. (19) and λ± are determined from the boundary conditions (20)
and (21) as
λ+ =
1
4(m+ −m−)Rm++σ0
[
8m−R
1+σ
0 +
4(m− + σ)ε
1
γ
h(2 + σ) + (1 + σ)(1 + 2σ)
×2F1
(
m+ + σ
δ
,
−1
γ
; 1 +
m+ + σ
δ
;
−ξ
εRδ0
)]
, (87)
λ− =
1
4(m− −m+)Rm−+σ0
[
8m+R
1+σ
0 +
4(m+ + σ)ε
1
γ
h(2 + σ) + (1 + σ)(1 + 2σ)
×2F1
(
m− + σ
δ
,
−1
γ
; 1 +
m− + σ
δ
;
−ξ
εRδ0
)]
. (88)
Substituting Eq. (86) into (9) and using (13) yields the EoS parameter of the modified
variable Chaplygin f(R)-gravity model as
ωR = −1 + 1
3(1 + α)

n+ β
1 + 3(1+α)A
Cβ
(
R
6h(2h+1)
)hβ
2

 ,
= −1 + 1
3(1 + α)
[
n +
β
1 + 3(1+α)A
Cβ
aβ
]
, (89)
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where
β = 3(1 + α)(1 + A)− n. (90)
This is same as ωΛ = pΛ/ρΛ = B −A/(anρ1+αΛ ). In terms of redshift it yields
ωR = −1 + 1
3(1 + α)
[
n +
β
1 + 3(1+α)A
Cβ
(1 + z)−β
]
. (91)
Equation (91) shows that for C > 0 we have a quintessence-like EoS parameter, ωR > −1.
For C < 0 there is a critical redshift when ωR →∞. For this case we rewrite Eqs. (75) and
(91) as
ρΛ =
[
3A(1 + α)(1 + z)n
β
(
1−
( 1 + z
1 + zcrit
)β)] 11+α
, (92)
ωR = −1 + 1
3(1 + α)
(
n+
β
1− (1+zcrit
1+z
)β
)
, (93)
where
zcrit =
(
3A(1 + α)
Cβ
) 1
β
− 1. (94)
Equation (93) clears that the EoS parameter for z < zcrit and z > zcrit behaves like the
phantom (ωR < −1) and quintessence (ωR > −1) DE models. The result is the same as
that obtained for the EoS parameter of the modified Chaplygin f(R)-gravity model (72)
and independent of the sign of parameter β. Besides, for z > zcrit due to having ρΛ > 0,
from Eq. (92) we need to have 1
1+α
= 2Q where Q is a fractional number in the range of
1/4 < Q < 1/2 and its denominator should be odd. Here also the EoS parameter of the
modified variable Chaplygin f(R)-gravity model cannot accommodate the transition from
ωR > −1 to ωR < −1.
VIII. f(R) RECONSTRUCTION IN DE SITTER SPACE
The scale factor in de sitter space is defined as
a(t) = a0e
Ht, H = constant, (95)
which can describe the early time inflation of the universe [56]. Using Eqs. (6) and (95) one
can obtain
H =
(R
12
)1/2
. (96)
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Then Eqs. (4) and (5) take the forms
k2ρR = −1
2
f(R) + 3H2f ′(R), (97)
k2pR =
1
2
f(R)− 3H2f ′(R). (98)
Also the EoS parameter yields
ωR =
pR
ρR
= −1, (99)
which behaves like the cosmological constant.
In what follows, we reconstruct different f(R)-gravities according to the polytropic, SCG,
GCG, MCG and MVCG models in de Sitter space.
A. Polytropic gas model
Using the EoS of the polytropic gas model (10) and (99) one can get
KρR
1
n = 1. (100)
Substituting Eqs. (96) and (100) into (97) gives
Rf ′(R)− 2f(R)− 4k2
( 1
K
)n
= 0. (101)
Solving the above differential equation yields
f(R) = λR2 − 2k2
( 1
K
)n
, (102)
where λ is an integration constant. Note that in order to generate the inflation at the early
universe as in Starobinsky’s model [56, 64], one may require
lim
R→∞
f(R) ∝ R2. (103)
We see that the polytropic f(R)-gravity model (102) can satisfy the requirement of having
to inflation (103).
B. SCG model
For the SCG model, using Eqs. (29) and (99) one can obtain
ρR
2 = A. (104)
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Inserting Eqs. (96) and (104) into (97) gives
Rf ′(R)− 2f(R)− 4k2
√
A = 0. (105)
The resulting f(R) is
f(R) = λR2 − 2k2
√
A, (106)
where λ is an integration constant. Note that the standard Chaplygin f(R)-gravity model
(106), like polytropic gas model (102), satisfies the inflation condition (103).
C. GCG model
Regarding the GCG model, with the help of Eqs. (43) and (99) one can get
ρα+1R = A. (107)
Replacing Eqs. (96) and (107) into (97) gives
Rf ′(R)− 2f(R)− 4k2A 1α+1 = 0. (108)
This gives
f(R) = λR2 − 2k2A 1α+1 , (109)
where λ is an integration constant. Here the inflation condition (103) is also held for the
generalized Chaplygin f(R)-gravity model.
D. MCG model
Substituting the EoS of the MCG model (58) into (99) reduces to
ρα+1R =
A
1 +B
. (110)
With the help of Eqs. (96) and (110), the differential Eq. (97) yields
Rf ′(R)− 2f(R)− 4k2
( A
1 +B
) 1
α+1
= 0. (111)
The resulting modified Chaplygin f(R)-gravity model is obtained as
f(R) = λR2 − 2k2
( A
1 +B
) 1
α+1
, (112)
where λ is an integration constant and the term λR2 confirms the inflation condition (103).
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E. MVCG Model
For the MVCG model, from Eqs. (74) and (99) one can find
anρα+1R =
A
1 +B
. (113)
Using Eqs. (75) and (113) one can obtain
1
an
=
( −nA
C(1 +B)β
)n
β
. (114)
Substituting Eq. (114) into (113) yields
ρR =
[( A
1 +B
)( −nA
C(1 +B)β
)n
β
] 1
α+1
. (115)
Putting Eqs. (96) and (115) into (97) yields
Rf ′(R)− 2f(R)− 4k2
[( A
1 +B
)( −nA
C(1 +B)β
)n
β
] 1
α+1
= 0. (116)
This gives
f(R) = λR2 − 2k2
[( A
1 +B
)( −nA
C(1 +B)β
)n
β
] 1
α+1
, (117)
where λ is an integration constant. Here the inflation condition (103) is also satisfied.
In summary one can conclude that in de Sitter space, the obtained f(R)-gravity models
corresponding to the polytropic, SCG, GCG, MCG and MVCG models take the form
f(R) = λ1R
2 + λ2, (118)
where λ1 is the integration constant and λ2 is a constant which depends on the model
parameters.
IX. CONCLUSIONS
Here, we investigated the polytropic gas, SCG, GCG, MCG and MVCG models of DE in
the framework of f(R)-gravity. Among other approaches related with a variety of DEmodels,
a very promising approach to DE is related with the modified theories of gravity known as
f(R)-gravity, in which DE emerges from the modification of geometry. We reconstructed
different theories of modified gravity based on the f(R) action in the spatially-flat FRW
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universe and according to the polytropic gas and different versions of the Chaplygin gas
DE scenarios. We assumed two classes of scale factors containing i) a = a0(ts − t)−h and
ii) a = a0e
Ht which can describe the present accelerating expansion and the early time
inflation of the universe, respectively. Furthermore, we obtained the EoS parameters of the
corresponding f(R)-gravity models. Our calculations show that for the first class of scale
factors, the EoS parameters of the polytropic, SCG, GCG, MCG and MVCG f(R)-gravities
can behave like phantom or quintessence DE models. Whereas the EoS parameters of the
above-mentioned models cannot accommodate the transition from the quintessence state,
ωR > −1, to the phantom regime, ωR < −1, as indicated by recent observations. In the
other words, they cannot behave like the quintom model [51, 52] in which the EoS parameter
is able to evolve across the cosmological constant boundary. For the second class of scale
factors, the EoS parameter behaves like the cosmological constant. Also the f(R)-gravities
in de Sitter space corresponding to the polytropic gas, SCG, GCG, MCG and MVCG models
can predict the early time inflation of the universe.
Finally, it is worth noting that a viable model of explaining current acceleration of our
universe should take into account the perturbation analysis which can help to check the
stability of the model. In a full relativistic treatment to discuss the stability of our models
under linear perturbation, we need to define gauge invariant variables and solve perturbed
Einstein’s equation and conservation equations. However, it is beyond the scope of the
present work.
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